This paper makes an econometric testing of one-minute paper used as a tool to manage and assess instruction in my statistics class. One of our findings is that the one minute paper when I have tested it by using an OLS estimate in a controlled Vs experimental design framework is found to statistically significant and effective in enhancing students' knowledge. It is found to be equally effective when I have tested it by using a seemingly unrelated regression that allows the error terms to be correlated across separate but related regressions. This is irrespective of students' ability levels as is measured by GPA in both cases.
Introduction
Learning can take place in a class room setting. It can take place in an on line environment, through a e-mail system (see Ruth (2008) and others) or through a Blackboard. The one -minute paper, a recent innovation in higher education in a class room setting, is gradually becoming popular. According to a simple finding of the Harvard Assessment Report, the one minute paper is a modest, relatively simple and a low-tech innovation that can improve student's learning and active participation in class in a big way (see Light (1990) ). There are many, for example, Naeve et al (2008) who investigated a modeling approach to learning process. The purpose of this paper is to do the same and statistically assess the impact of this technique on student learning. This 'low-tech' innovation is designed to obtain regular feedback from students -a scarce commodity in a lecture setting. Again, based on the premise that students who have genuine input and control will be better motivated to learn, the one -minute paper can encourage active engagement in the class process. In the final minute or two of the class, the instructor, asks students to respond to the following two questions:
What is the most important thing you learned to day?
What is the muddiest point still remaining at the conclusion of today's class?
The first question directs students to focus on the big picture, that is, what is being learned, whereas the second seeks to determine how well learning proceeding is. The instructor encouraged students to provide thoughtful, sincere responses to these questions. Unlike standard end-of-term evaluations students were providing guidance for their own on-going instruction, not for students coming in future. If, based on a simple analysis of students' responses, the teacher decides that the main points of the previous class are poorly understood, or, that the misunderstandings of the key points -the 'mud' -is particularly deep, the teacher reviews and clarifies these points at the beginning of the subsequent class. Most importantly, through one minute paper, the teacher is able to demonstrate a respect for and interest in, student opinion that by itself can encourage students' 'active' involvement in the learning process.
Methodology
I taught two sections of statistics both in Fall 2005 and Spring 2006 at Trinity University in Washington, D.C. In Spring 2006, I used one minute paper only in one of two sections. Here I used a 'controlled vs. experimental' design to test the effectiveness of one minute paper. I taught two sections of the same course again in the Fall of 2005 when I used one minute paper in the both the sections. For Spring 2006 data I use the Ordinary Least Square Estimate (OLS) to estimate the parameters and for Fall 2005 data, I estimate the same parameters by using a technique called Seemingly Unrelated Regression (SUR). I had three major goals to accomplish in both Spring and Fall. These are: to assess the effectiveness of one minute tool and along with it gain classroom experience by way of students' reasoning, problem solving, and creativity
OLS estimate
In Spring 2006, when I used one minute paper in only one class -the experimental class, I taught identically the same materials and used the same pedagogical style in both sections. The two sections were almost of the same size (30 students in one and 27 in another) in terms of student enrollment. At the conclusion of each class period, I asked students in my experimental class to complete a one-minute paper (card). Using paper and pencil students responded to the one-minute paper questions and dropped their responses in a box located on the front desk as they left. They were given the choice to drop their responses even by e-mail. I asked students to do the same in every class.
I read and analyzed all of their responses in Excel spreadsheet. Then I began each subsequent (experimental) class with a short discussion of the most frequently mentioned 'muddy' points from the previous class. This way I could demonstrate to the students that their understanding and feed back were of much importance. I scheduled the controlled class before the experimental class to mediate against the possibility of inadvertently using feedback from the experimental class (concerning what students learnt and how well did they learn it) to promote learning in the control class. As an additional check against inadvertently transferring feedback from the experimental class to the other class, the feedback from a previous experimental class was not analyzed until after the subsequent controlled class had concluded. At the beginning of the semester, I also administered a 'pretest' in both the experimental as well as in the controlled classes to measure initial knowledge in the area.
I used a variant of the well-known educational production function approach with all its conventional properties. That is, the production function ∫ is a continuous function and twice differentiable or, in other words, as in the two variable case, for example, 
, where G S = the student's post-test score in the posttest (score will not count toward a student's final grade A S = the student's aptitude in Statistics to be measured by a Pretest (ETS) A 0 = the student's aptitude in all other courses as measured by the GPA, excluding the Statistics grade. Another possible proxy might be the student's ACT score. Gender = dummy variable for gender = 1 for male students, = 0 for female students One Min = a dummy variable for treatment = 1 for data with there is a one minute paper = 0 for data in a class with no one minute paper One Min*GPA = dummy variable for treatment interaction terms, One Min*GPA 3.0, where One Min * GPA 3.0 = 1 when the student's GPA ≥ 3.0 and One Min*GPA 2.0, where One Min* GPA 2.0 has value 1 when the student's GPA < 3.0 but ≥ 2.0.
To allow the slope of the one min variable to differ according to students' differing ability levels, I introduced a series of interaction terms. To check for multi collinearity again I tried a ridge estimator (not reported here) incorporating the stochastic constraint that β is the zero vector. Note 1
Instead of obtaining two different post-score equations for two classes, I chose a more efficient procedure involving the estimation of only one equation with a dummy variable treatment of One Min. In this study the one minute paper was not allowed to change the constant (intercept) term in the equation but only the slope ( 4 β in eq. (1) (1) where μ = error term and This means the ii μ has the same variance and all ij μ are pair-wise are uncorrelated.
Results of the OLS
The principal hypotheses to be tested were:
The introduction of one-minute paper enhanced student's knowledge.
The one-minute paper enhanced the performance of all students regardless of the initial ability levels of students.
The value and the statistical significance of the coefficient 4 β associated with the One Min variable, if found positive and significant, will suggest that the use of one minute paper enhance students' knowledge. The amount of the gain in knowledge that would depend on students' ability levels was measured by the coefficients of the interaction terms, , which means that the change in post-test score promoted by the interaction of One Min with GPA 3.0 and GPA 2.0 is jointly zero, could not ne be rejected .
(see Table 1) I tried with other specifications of the GPA dummy variable in my study. The results (not reported here) were not sensitive to other specifications. I employed a pre test score in my estimation but this since this was an extraneous (a priori) information it would create a bias, often called 'pretest' bias in econometrics. I, therefore, used what Kennedy (1992) calls a 'testing down' strategy (not reported) to eliminate this bias. I estimated the coefficients of a more relevant model that supported our finding that the coefficients of the interaction terms, 5 β and 6 β are jointly zero.
Because there is some controversy in the inclusion of pre-test score as a regressor and to demonstrate the robustness of our finding concerning the importance of one minute paper, I employed a final specification of our model in which Post test -Pretest is used as the dependent variable. But R 2 did not drop significantly (the results are not reported here) .More importantly, the One Min coefficient which was significant before is found to be equally significant in the final specification. That is β differs in absolute value by less than some pre assigned positive number. That is,
Seemingly Unrelated Regression (SUR)

A few words on SUR
In this section I ran two regressions separately for two sections (30 in one section and 29 in another) taught in Fall 2005 at Trinity by using the technique called Seemingly Unrelated Regression (SUR). The SUR is a set of regression equations that seem unrelated but is in reality related. SUR allows the error terms to be correlated across separate but related regressions. The μ s in the four regressions above do not have to be independent of each other in any one time period. If the equations of he system have different right hand side variables and the errors are correlated, then SUR and OLS will produce different estimates of the β 's as well as different estimated standard errors. If the Gauss-Markov assumptions are satisfied, then the SURE estimates will be consistent and more efficient (i.e., they will have lower standard errors) than the OLS estimates for sufficiently large samples.
[Proofs are given in any graduate econometrics text] Suppose there are n equations of this form
All are in vectors. X is a data matrix.
The subscript i refers to the i th equation. These equations can be written as The SUR allows the error terms s i μ to be correlated across separate but related regressions. This way the SUR procedure can use the correlation between error terms to improve the estimates Any correlation between error terms in regressions is valuable information; it is trying to tell us something. It could be telling us that there is some change or event in the class policy or even a text book in that time period that affects more than one class. The change may not be captured by any of the independent variables and that is why it will show up in the error term. The SUR procedure uses this information (Table 2 & Table 3 ) to improve the coefficient estimates. Note 4.
Results
Conclusion:
Our test provides an empirical assessment of one -minute paper. Our finding is that it is positively and significantly important in student's learning in Statistics. This is irrespective of students' ability as is measured by GPA. One major limitation of our test is the 'power' of the test that can not be determined without being able to randomize the sample selection or control the demography and the behavior of students. The faculty involved in curriculum and assessment reform should view this work as a learning process that will provide a kind of 'library' of examples to other reform practitioners and will thus expand the 'community' of reformers . Our findings will help foster shared value in evaluating students' performance. 
